Delta-6-desaturase links polyunsaturated fatty acid metabolism with phospholipid remodeling and disease progression in heart failure.
Remodeling of myocardial phospholipids has been reported in various forms of heart failure for decades, but the mechanism and pathophysiological relevance of this phenomenon have remained unclear. We examined the hypothesis that δ-6 desaturase (D6D), the rate-limiting enzyme in long-chain polyunsaturated fatty acid biosynthesis, mediates the signature pattern of fatty acid redistribution observed in myocardial phospholipids after chronic pressure overload and explored plausible links between this process and disease pathogenesis. Compositional analysis of phospholipids from hearts explanted from patients with dilated cardiomyopathy revealed elevated polyunsaturated fatty acid product/precursor ratios reflective of D6D hyperactivity, manifesting primarily as lower levels of linoleic acid with reciprocally higher levels of arachidonic and docosahexaenoic acids. This pattern of remodeling was attenuated in failing hearts chronically unloaded with a left ventricular assist device. Chronic inhibition of D6D in vivo reversed similar patterns of myocardial polyunsaturated fatty acid redistribution in rat models of pressure overload and hypertensive heart disease and significantly attenuated cardiac hypertrophy, fibrosis, and contractile dysfunction in both models. D6D inhibition also attenuated myocardial elevations in pathogenic eicosanoid species, lipid peroxidation, and extracellular receptor kinase 1/2 activation; normalized cardiolipin composition in mitochondria; reduced circulating levels of inflammatory cytokines; and elicited model-specific effects on cardiac mitochondrial respiratory efficiency, nuclear factor κ B activation, and caspase activities. These studies demonstrate a pivotal role of essential fatty acid metabolism in myocardial phospholipid remodeling induced by hemodynamic stress and reveal novel links between this phenomenon and the propagation of multiple pathogenic systems involved in maladaptive cardiac remodeling and contractile dysfunction [corrected].